INTRODUCTION
Sleep problems are a common complaint among United States military veterans.
1, 2 Insomnia symptoms, including trouble falling or staying asleep, waking up earlier than desired, and excessive daytime fatigue and impairment as a result of restless or disturbed nighttime sleep, are particularly common. 3, 4 Sleep problems contribute to impaired performance, 5 reduced quality of life, 6 and increased healthcare utilization. 7 Chronic insomnia has been linked to increased risk for incident mental health disorders [8] [9] [10] [11] and suicidal ideation and attempts. 12 Early screening and treatment of sleep problems might prevent or ameliorate negative outcomes.
Full-length, multi-item sleep questionnaires, including the Pittsburgh Sleep Quality Index 13 and Insomnia Severity Index, 14 are considered feasible, reliable assessment tools. 15 However, many primary care providers are unfamiliar with how to deliver and score sleep questionnaires. Moreover, the limited time available for most primary care encounters may prevent providers from completing full-length sleep questionnaires. Brief measures composed of two to four items are frequently used to assess symptoms of other common conditions, including depression (e.g., Patient Health Questionnaire-2) 16 and post-traumatic stress disorder (Primary Care Post Traumatic Stress Disorder Screen). 17 However, no brief sleep measures have been developed or validated to date. In the absence of full-length sleep questionnaires or validated brief measures, existing single sleep items may function as a first-line assessment tool.
Items assessing insomnia symptoms, such as difficulty falling or staying asleep or sleep that is restless or disturbed, are embedded in commonly used psychological assessments, including the Symptom Checklist, 18 Patient Health Questionnaire-9, 19 and PTSD Checklist. 20 To our knowledge, the utility of single-item screeners in identifying veterans with sleep problems has been examined in only one other study.
However, this study evaluated an item assessing both insomnia and hypersomnia using participants from a larger research study focused on alcohol use. The current study adds to the literature by evaluating the sensitivity and specificity of three sleep items included in the Symptom Checklist-90-Revised in relation to two outcomes of interest, the Pittsburgh Sleep Quality Index 13 and a DSM-5-based probable insomnia diagnosis, among a general population of post-9/11 veterans.
METHODS

Procedures and Participants
Data presented herein were collected as a part of the PostDeployment Mental Health Study sponsored by the Veterans Affairs Mid-Atlantic Mental Illness, Research, Education, and Clinical Center (MIRECC). Participants were recruited via flyers, mailings, and provider referrals for a study focusing on post-deployment health at four medical centers within the Mid-Atlantic region (Durham and Salisbury, NC; Hampton and Richmond, VA). Institutional review board approval was obtained at each of the four participating sites.
To participate in the study, individuals had to have served in the U.S. military since September 11, 2001 , speak English, be able to travel to one of the study enrollment sites, and demonstrate comprehension of the informed consent process. After providing informed consent, all study participants completed a daylong assessment battery, including an in-person structured diagnostic interview. All participants were compensated $175 for their time and participation. The final sample included 1118 participants who had one or more overseas deployments, were free from a past-month DSM-IV Axis I mental health disorder, and had complete data on the Pittsburgh Sleep Quality Index (PSQI).
Measures
Demographics and Health Questionnaires. All participants reported basic demographic characteristics including age, race, gender, marital status, total years of education, current working status, and number of military tours served.
Overall health status was assessed using the National Vietnam Veterans Readjustment Survey Medical Questionnaire, 22 which assesses the presence or absence of 37 chronic physical health conditions over the prior year and over an individual's lifetime. A higher number of chronic conditions indicates worse overall health.
The Symptom Checklist-90-Revised (hereinafter SCL) 23 is a 90-item self-report questionnaire frequently used in medical and research settings to assess global psychological distress. Respondents indicate the degree of distress experienced for each of 90 symptoms over the past 7 days. Response options fall along a five-point Likert scale and include the following: 0 = not at all, 1 = a little bit, 2 = moderately, 3 = quite a bit, or 4 = extremely distressing. The SCL includes three sleep items that were the focus of our analyses: trouble falling asleep (item 44), awakening in the early morning (item 64), and sleep that is restless or disturbed (item 66). These items are related to different aspects of insomnia, including difficulty with sleep initiation (item 44), sleep maintenance (item 64), and non-restorative or unrefreshing sleep (item 66). Of note, item 66 may capture symptoms due to other disorders, including sleep apnea.
Clinical Markers of Sleep Problems. For this study, two outcomes were used to categorize individuals as having clinically significant sleep problems. The Pittsburgh Sleep Quality Index (PSQI) 13 is a 19-item self-report questionnaire assessing sleep patterns, disturbances, and consequences over the prior month. Total scores range from 0 to 21, with scores greater than 5 indicative of clinically significant poor sleep. The PSQI has demonstrated strong reliability in a variety of settings 24 and is considered a gold-standard self-reported assessment of sleep quality. 15 The total score from the PSQI was used to differentiate individuals with and without clinically significant poor sleep. Given the multidimensional nature of the PSQI, the total score may reflect poor sleep that results from a variety of causes, including insomnia symptoms, sleep apnea, chronic pain, or bad dreams.
Probable insomnia disorder was approximated based on how items from self-reported measures mapped onto the DSM-5 criteria. 25 Participants were identified as having probable insomnia if all of the following criteria were endorsed: complaint of difficulty falling or staying asleep or waking up too early (criterion A); daytime fatigue or disturbance as a result of poor sleep (criterion B); and symptoms occurring at least three times per week (criterion C). Refer to Table 1 for a more detailed description of our probable insomnia disorder approximation. Sleep problems were drawn from the PSQI, Davidson Trauma Scale, 26 and Beck Depression Inventory. 27 
Analyses
Data were analyzed using SPSS 21.0 software. 28 Prior to evaluating the performance of individual items, descriptive statistics were calculated for all demographic variables and sleep characteristics. The performance of each of the three sleep items (trouble falling asleep, awakening in the early morning, sleep that is restless or disturbed) was evaluated in relation to two outcome measures, PSQI-defined poor sleep and an approximated DSM-5-defined insomnia disorder diagnosis.
The following calculations were obtained at each response score for all three SCL Bscreening^items in predicting our two reference outcomes: sensitivity Receiver operating characteristic (ROC) curves were constructed for each of the three sleep items based on our two reference outcomes of interest. ROC curves examine sensitivity, specificity, and the area under the curve (AUC), a measure representing the probability that the screening test result from any randomly chosen positive case will exceed the result for a randomly chosen negative case. An area of 1.0 represents a perfectly accurate test, while an area of 0.50 represents a screening test that is no more accurate or efficient than chance alone.
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RESULTS
Most of the 1118 veterans who participated in this study were men (80.1%, n = 894). The sample had roughly equal proportions of white (52%, N = 565) and African-American (44%, N = 495) participants. The average age of participants was 38.0 years (SD = 10.4). Participants reported 1.74 average tours of duty (overseas deployment; SD = 1.4). Additional demographic and health characteristics are shown in Table 2 .
Sleep problems were common in our sample. Approximately 60% of participants met clinical criteria for poor sleep, as indicated by a score greater than 5 on the PSQI 13 (58.5%, N = 654, average PSQI total score = 7.2). Just under 20% of the sample (N = 202) met criteria for DSM-5 probable insomnia disorder based on approximated diagnostic criteria. Thirty percent of participants who met criteria for poor sleep also met criteria for probable insomnia disorder. The discrepancy between the two outcomes may be explained by sleep disorders other than insomnia (i.e., obstructive sleep apnea, restless leg syndrome, nightmares) that contribute to a higher rate of poor sleepers.
First, the performance of the three SCL sleep items in predicting overall poor sleep was examined. Results for sensitivity, specificity, efficiency, and false-positive and false-negative fractions for each of the possible response options on the three SCL items are displayed in Table 3 . Sensitivity and specificity were optimized at the lowest response option of 0. Receiver operating characteristic curves were constructed to evaluate the accuracy of each of the three SCL items for discriminating between Bpoor sleepers^and Bgood sleepers,T (18) and are displayed in Figure 1 . The areas under the curve for each of the three items in predicting total PSQI option were as follows: item 44, trouble falling asleep: 0.79 (SE = 0.013, p < 0.001); item 64, awakening in the early morning: 0.66 (SE = 0.016, p < 0.001); and item 66, sleep that is restless or disturbed: 0.77 (SE = 0.014, p < 0.001). Second, the performance of the three items in predicting probable insomnia disorder was examined. Results for sensitivity, specificity, efficiency, and false-positive and falsenegative fractions for each of the possible response options on the three SCL items are displayed in Table 4 . Sensitivity and specificity were again optimized at the lowest response option of 0. A response option of 1 resulted in high sensitivity (range: 0.81-0.89) but was associated with more false positives (0.42-0.48). A response option of 2 resulted in moderate sensitivity (0.63-9.71) and specificity (0.79 for each item), while generating a false-positive fraction of roughly 20% (0.17-0.21).
ROC curves were constructed for each of the three SCL items discriminating between participants with and without probable insomnia disorder and are displayed in Figure 2 
DISCUSSION
This study presents results suggesting that single-item sleep measures embedded in widely used psychological assessments may function as effective screeners for general sleep problems and probable insomnia disorder. Items evaluating trouble falling asleep, awakening in the early morning, and sleep that is restless or disturbed were moderately predictive of overall poor sleep, as measured by an elevated PSQI score, and probable insomnia disorder, as approximated based on DSM-5 diagnostic criteria. As indicated in Tables 3 and 4 , a response option of 1 (indicating Ba little^distress) on each of the three SCL screening items was able to detect poor sleep and probable insomnia disorder with fair sensitivity and a low false-positive rate. These findings may allow primary care providers not otherwise familiar with sleep questionnaires or formal diagnostic criteria to identify veterans with clinically significant sleep problems and refer them for more extensive evaluation.
In our evaluation of the three SCL sleep items, we prioritized sensitivity over specificity, for several reasons. First, as noted earlier, chronic sleep problems are associated with increased risk for poor physical and psychological health outcomes. Thus the detection and treatment of sleep problems early in their course is important. Second, additional in-depth screening for potential sleep disorders carries low burden and risk. Any subsequent screenings required can be administered using additional paper-based questionnaires or overnight home sleep monitoring. Third, the availability of safe and effective behavioral treatments is increasing within VHA settings, [32] [33] [34] [35] making treatment more accessible for veterans identified as having a sleep disorder.
In identifying and suggesting a response option indicative of poor sleep and probable insomnia disorder, we took several factors into account. Although sensitivity was highest for both outcomes at a response option of 1, this resulted in a falsepositive rate of 25% (poor sleep) to 45% (probable insomnia disorder). In predicting poor sleep, there was little change in specificity between response options of 2, 3, or 4. In predicting probable insomnia disorder, efficiency was highest at response options of 2, 3, and 4, but sensitivity suffered. Although sensitivity and false-negative fractions were optimized using a response option of 4, we caution against using such stringent cut points, since the goal for single-item sleep measures should be to identify a broad spectrum of veterans who are poor sleepers, including those whose sleep problems have not become severe or chronic.
Sensitivity and efficiency were generally higher in predicting probable insomnia disorder than poor sleep. This is unsurprising given that two of the three items evaluated (items 44 and 64) reflect common insomnia symptoms and should correlate well with probable insomnia disorder. On the other hand, the PSQI is a multidimensional instrument whose total score comprises seven component scores. As a result, overall poor sleep, as indicated by the PSQI, may reflect a combination of insomnia symptoms, short sleep duration, and accompanying daytime consequences of poor sleep. Despite these differences, two of the three items-trouble falling asleep and sleep that is restless or disturbed-demonstrated strong performance relative to both outcomes of interest. These are notable findings, as these items reflect common complaints related to the two most prevalent sleep disorders in veterans, insomnia disorder and sleep apnea. While false positives are viewed negatively in many diagnostic tests, further evaluation for sleep problems following a positive screen carries low time and cost burdens for the patient. Although sleep problems may not be considered as serious as other medical conditions such as hypertension or cancer, the negative consequences of sleep problems can be severe. A false-negative test result runs the risk of a patient further dismissing subsyndromal sleep problems as unimportant, thereby increasing the risk of delaying further screening or treatment. A delay in treatment may be particularly consequential for serious conditions such as sleep apnea.
The greatest strength of our study is the opportunity to look at a sample of veterans who are known to be free of a current mental health disorder based on formal diagnostic evaluation. Given the known risks that chronic sleep problems pose for incident mental health disorders, our results may inform clinical screening and preventive practices in routine primary care. In light of the increasing prevalence of sleep apnea and insomnia in veterans, 36 an additional strength of our study is in evaluating the performance of single items for predicting both overall poor sleep and unrecognized insomnia. The use of the PSQI rather than an insomnia-specific questionnaire such as the Insomnia Severity Index allowed us to capture sleep problems due to a number of different causes, including insomnia and sleep apnea. Prior research on single-item screeners has evaluated only insomnia symptoms, including trouble falling or staying asleep. 21 An additional strength of our study is the inclusion and evaluation of a more global sleep item assessing sleep that is restless or disturbed (SCL item 66). This item potentially captures sleep problems that may stem from causes beyond insomnia, including pain or sleep apnea, and may be a strong candidate for a one-to two-item brief screener.
Despite numerous strengths, several limitations of this study should be noted. First, this study was not designed to collect an objective measure of sleep, such as outpatient wrist actigraphy or overnight polysomnography. Although readers may criticise our use of an approximated insomnia disorder diagnosis, there is currently no objective medical test for insomnia, and diagnosis is based purely on selfreport questionnaires and/or clinical interviews. Additionally, we were not able to determine the presence of other organic sleep disorders (e.g., restless leg syndrome, sleep apnea). Second, by limiting our analytic sample to veterans free of past-month mental health disorders at the time of study participation, we are not able to examine how veterans who report both sleep problems and mental health problems may evaluate the three items examined in this study. However, early detection of sleep problems in veterans without current symptoms of a mental health disorder is critical, given the established link between insomnia symptoms and heightened risk of subsequent mental health disorders. 8-11, 37, 38 Finally, our sample reflects only veterans who elected to participate in research, thereby potentially limiting the generalizability of our findings both to the larger veteran population and non-veterans.
Although additional evaluation of the three SCL screening items should be conducted with a more diverse patient population, our results suggest that, particularly in the absence of validated brief screeners, existing items in the SCL may be a first step in identifying veterans with sleep problems. The three sleep items evaluated herein should not serve as a substitute for a full-length sleep questionnaire or formal evaluation by a sleep specialist. However, they provide an approach whereby primary care providers could play a role in addressing the growing problem of undetected sleep problems utilizing a single question to identify and triage veterans with suspected poor sleep or unrecognized insomnia disorder.
